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As Outdoor Leaders we are constantly faced with the problens 

created by dehydration and water^ shortage, BesidoB* fulfilling the 

responsibility of informlHi^ oip students of the effects of waters 

■ s ■ 

shortage I we aj», faced with the actual consequences of lack of water. 

The puirpose of this report is to expose many of the old wives 
tales concerning water usage, »as vrell as to ex^ore many of the actual 
usages and ;^2^1ems of w^t'er or lack of it. I'he main source of irtfonaa* 
tibn was Thlrst-Physlology of the Urse to Drink and Proljlenig^ of Water 



Lack > by A. V. Wqjlf p 1958, and The Physiology of Human Survival , edited 

J - ^ — 

by Dr. O.G^.EdhoajQ and A,L» Bacharach, 1965t 

Before the problems of water shortage aire discussed, the question 
of what water does for the body must be answered. The human embryo 
consists of oyer ninety five percent water. Ibe pe.rcentage drops to ^ 
seventy to seventy- l^ree percent with age as the maturing tissues 
become more rigid and of a higher tensile strength. Water ^is a 
mandatory factor in fdod metabolism, musc^{;§^J;.anicity, waste elimination, 
cellular upkeep, and temperature reguiation. 

As an Outdoor Leader the all-encompassing factor is water balance. 

Vater balance is simply a ratio of the amount of water ingested to the * 

"A 

amoxint of water lost» This water loss occurs through evaporation, waste 
eljjiination, respiration, and tissue destruction (such as bums). Water 
gain is accomplished primarily through water ingestation and food^^o>;ida>^ 
tion. This water loss and gain is illustrated in Chart 1 on the 'following 
page. ' . 

Thirst Is often thought to "be indicative of body needs. Such is 



frequently, not the case. This is because there axe two types of thirst; 
local and general. Local thirst, often referred to as "false thirsf*, 
has symptoms which are centered around the/ esophagus and^ throat. It 
occurs primarily through the drying of the cells in the throat area,. . 
With the application of water, these cells tend to rehydrate and the' 
thirst symptoms sire alleviated with the possibility^ of the totafbody 
needs not being satisfied. These local thirst symptoms are also 

•H' 

alleviated throiigk the use of a "regulation pebble**, such as a small 

st<Sne, button* twigs, gun, hard candy, or an antidipticum (remedies 

that lessen thirst such as caaj^or, ether, peeled root Qf licorice, 

and opium) It should be noted that these sLntipticuias may excite 

2 

saliva flow but otherwise the effects are largely psychological. 

Chart 1, 
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Water Gain 

t 

Liquid Food 
SoUd Food 
Water of Oxidation 
Total 


ml. 
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1100 

500-1000 

300-4OO 

1900-2500 
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, f 
Water Losses , 

UrSie ^ 

Insensible Perspiration 

Respiration 

Feces 

Total 


ml, 

1000-1400 

500 

300-500 

100 

1900-2500 



It should be noted that all of these amounts can vary greatly 
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depending on the person, his ^iet, environment, and activity. 
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If thirst is not always a good indicator of true body needs, 
, .what then ar« good indicators of water needs? Syniptoms experienced by 
man with an increasing negative water balance are : 1 . muscular fatigue 
(being the most coimnon) , Z. thirst (noticeable at first but not increasing 
with severity in many cases) , 3=* vague discomfort in the form of. heat 
oppressio"^, sleepiness, and dizziness, km urine discoloration (beconiing 
daidcer ai^ thicker), 5» nausea, and 6, headache. As dehydi^ion becomes 
• jaore acute-, visidn becoads dimiaed, hearing is impaired, skin develops a 
smiken and somewhat rigid appearance. Along with this rigidity, nuab 
and b3^oody cracks appear • These symptoms indicate that 4 point of no 
return is reached with the lethal point being between 15 a-nd 25 per cent ^ 
water feicit (loss of body fluid weight) • At a deficit of 12 per cent 
the Inability to swallow is reached and a man must be given water intra- 
venously or if this is impossible, very small amounts of water must be 
given, slowly, to allow any possible absorption to t^e place. At a 2 .5 
per cent water deficit a man loses ovejr 25 per cent of his efficiency, 
as ho does if the temperatuire (ambient) approaches 110 degrees or 
over* At this stage of water deficiency, group cooperation cannot be 
expec^ted^ and gross mental .deterioration becomes ^vid^nt. The effects 
of heat and time, as a function of water deficiency are^ illustrated 
in Charts 2 through ^ on, the following pages. 

Stages of Dehydration 
With the physical symptoms, negative ^ater balance proceeds in 
three successive stages* Stage one is called the stage of normal dryness. 
Thirst is apparent in this stage along with general uneasiness and irrL- 
tation which accounts for the fact that this is also called, the clamorous 
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stage. Vhile stage one has been experienced by many people, aany tines, 
and Is not considered dangerous, it is significant in that it is the 
beginning of a water problem. Stage one can be thought of as a warning 
signal of impending trouble, if the person is aware enough to notice it. 

Stage two is also known as the cotton mouth'', stage. Its charac- 
t^ristic sSrmptpms are dry mouth, scant mucus or saliva secreti9a, skin 
shrinkage I cracked voic?^ personality changes, (i#e. prejudices are 
Intensifiedi sudden revulsions appear, clothing is stripped, and other 
abnortJial reactions). The mind becomes disorganised and speech rambles. 
Breathing difficulties and skin numbness are experienced in the latter ' 
degrees of this stage. 

Stage, tilo symptoms are alleviated only by one substance - water^ 
Depending on the severity^of water lack, the 'wat^r needed is either in 
.quarts or gallons. This water ^ould be drunk until satiety and then some 
Kie water can be guiped, contrary to f>opular belief. Therb is little 
any evidence supporting the notion that drinklqg water in large quantities 
with a' negative^ water balance, is deleterious. In fact, the best 
X>erformance f9r working in the heat has been r^oxded to be intermittent 
hard woi^e with an hour by hour replacement of water lost through sweat. ''^ 

However, . the ji#^ter shetild not be ice cold, sinc9^^^^y:iirsn^ill close the 

^ ' ; ' — ^ - 8 

sphincter muscles of the stomach, preventing water a^orption. The 

l?itter liiases of stage two can be thought of as the beginning of the end. 

Stage three , the, stage 'of structural degeneration, is fatal if 

medical aid is hot forthcoming. The speed at which a person goes 

froa stage two to Stage three is largely dependent on the victin'fe 
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physical condition, espacially-hls inurement (tolerance) to hot cliaates. 
In this st»ge, the lips become cracked, blood flow through woUnds becomes/ 

, t, ■ ■ ^ / 

thick and v^scious, the gms shrink aiKl walking becomes uncoordinated 
and Extremely difficult. The mind, loses all or. most of its- ability / - 
to rationalize, sight and hearing dim until unconsci ousness^f^evelo ps,/fol- 
lowed 'by irrevocable death from hyperthermia* Dajnage occuring: duriiig the 

third stage Is frequently irreversible even with medical help» ^ \ 

• ' ' ■ ■ ■ • . ' " /' 

Responsibility of Outdoor Leaders ■ / 

"% / ■ 

^ 1 

Outdoor Leaders face a loajor, two-fold task. First, recogjfii zing, ^ 

, ■' ' ' '' ■ ■ ' / ^ 

negative water balance probleias and second helping the viptiasy combat 

them. The obvious question ist "How can I avoid dehydration or negative 

water balance?** The obvious .answer is by water intake and water loss 

r^uction, Unis scundi' easy but often it is not, 

. /■* ■ Fresh water is the 'most readily assiiailated form of water 

utilized by. the body. Water that is contaaiuated by salt in concentra- 

tions greater than osmotic potential gradient tend to cause body cells 

to give up their water instead of absorbing it. Because of this, 

reason salt water cannot "be absorbed by the body either vt^ ti>e stociach^ 

enema ^ or skin* , : 

Salt water does have a dual purpose in the survival situation. 
The first of these being the fact that salt water can be used to cool 
or lower the outer skin temperature through evaix)ration. This can be 
accomplished by wetting' the skin or clothing of the' survivor.. It 
also shoul4 be neted that when water losses are high, through respiration, 
a damp piece of cloth placed over the mouth and nose, will reduce these 
losses considerably. 



ihe secorv^^'se of salt water, although con-^versial in nature, 

will be dealt with as It may be a possible utilisation technique. This 

technique is fresh water. adulteration or' the nixing of salt water with 

fresh water in an attempt to extend the total supply. While at, first 

thought, fr©sh water adulteration would seen to be a survival error, 

■fis very principle is accomplished everytima the dej^a;ifti^ng kit is 

utilized. *<In -fact, the ilssalting kit is designed,, retain^^^bxiaately: 

^ten^rcent^o^'^e original salt content'. This ten percent is retained 

in an effort to obtaifl a more favorable water balance with the git 

instead of puro^ fresh water. The remainder of the salt is precipitated 

ou.t in the fora of insoluble silver chloride, barium sul^te, magnesiua 

hydroxidev and^eolites. These insoluble ^|{ticles are then filtered 

out and activated charcoal added for taste and odor removal . ^'^^^^ 

While there is some evidence that freshwater adulteration 

(with saltwater) will help maintain the circulatory fundt^ci^i (Bubini, 

■ - c , ■ , ■- ' ^''"^ 

Wolf, 'Heronay, ' 1956, Gajsbla 19^, Elkinton andDanowsJci^ 1955,' Prentiss^ 

and Douglas and Smith 1959 it should be riot^a that while/ the cir- 
culatory system is benefitted to some extant)sthis'^^nefit is derived 



at the e'Apense of cellular f unction, Sven considering this firoblea, 
***Many physiologists have nevertheless still not entirely discarded 
the idea that jus* a little seawater, 'limited* marijcsia, may assist 
in survival knd save some staall fraction e^^body water. ^5 

However, for eve:^ physiologist thai thinks salt water- - fresh water 
aiixj-ng may be of some value, there is another -physiologist that %k 



believes rt to be a dangei^DUs practicet With any sea survival situation 
there is usually a considerable amourjit of salt water ingestion • This 
ingestion of saltwater can significantly raise the sadt lev^of the 
body, thereby adding to the problem of ^too nuch salt in the/body. 
As a, general survival rule, the Outdoo^^eader should stay away from 
advocating any' use of salt 'water, except for cooling purposesp until 
more defiijltive evidence Is obtainable, \ 

The following illustration depicts the process by which -salt 
water -causes an increase in circulatory fluid at the expense of cellular 
fluid. - 

Chart 5 ' 
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Freshwater; can be gleaned from frozen salt water, care is 
taken during the thawing process. Wherv saltxj^ter Is fro^zen the salt 




^ tends to contentrate towa:^ 'the bottom of the container. If the salt 
water is allowed to melt the fluid will ^tend to. separate into fractions. 
The concentration of salt contained in these layers will vary from ov'er 
"' twice ths original concentration in the lowest, layer to less than one - 
tenth in the highest layer. The first thirty, percent of the original 



/ 



aaount of ^aXt jfltar ,3 g ^table,, OJ^-sumlii^ '^eij no mixing, 

The following diagram illustrates this point. 

^"^^ ^ • . 'r^ ' ' ' > 

Chart 6 
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. It is also a well known survival fact that old^sea ice, (blue 
in color) is potable, while new sea ice, (white in color and very 
flexible; . contains too much salt to be usable. With agin^ the brine 
mixtiire moves downward through the ice# As it moves downward through 



the ice block the cryst^ils of ice grow closer together, causir^3 th^. 

15 

salt particles to be "pushed dut**^ Salt water also thaws more 



readily than dges/'fresh water and the salt is. leached out ^ith time. 

fluid from fish (comji^^y called stickwater) was often 

thought of as a tfater substitute. The fact is, a human bein^ can not 

concentrate the urine sufficiently to allow utilization of this fluid 

without further dehydration. Fish fluid ccyJltairvs large suaounts of " 

proteins and oils,. Consequently)^ what water is contained in the fluid 

is used in Metabolism thereby increasing the bcdy^s need for water* 

Historically, uifine has been mentioned as a water substitute* 

Once $^^in, such is usually not the case, with i;rine adding nothing to 

the body's water balance. Because of the lack of osmotic space, i.e. 

the kidney's inability £o concentrate urine beyond a certair^ point, 

urine actually causes the formatipn of laore urine, which in tu^rn 

17 

further increases the body's need for water. ^ This does not appear 
to-l?e the case if the urine is dilute, such as from a fully hydrated, 
non-sweating person ir If hydra ted, a person s urine during the first 
twelve hours itiay be beneficial to his water balance.. This is assuiuing 
that there is no great loss of water by ^ sweating and that the survivor 
can cope With the psychological effect; of drinking urine, (uriposia). 
' However, the use of urine has some survival value. Urine can 
be used to wash wounds, stings, and bites. It can also be used in the 

evaporation pixjcess to cool the skin temperature and in the operation 

19 - 
of a so\ar still. ^ 
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While drinking blood has "been dsed' as a liquid or water sub- 

2ute, it 'is ndt ai{d should not hi considered as such, Bdth the 
er orotic pressure anif^he prekence of,.prat&ins and fats cause 



, , ( 1 20 

the "body to "give Up" more water, ^-Whrough metac^plism, than .i§ gained. 



' The use of pllants for water i^ a ^ell established fact, ^nd* need not 
be discuss9<^ to gx^at length in this paper. It will be noted,- that 
some of the plant's! used for water pr a water substitute are* grass, 
Aloa Berries, Barrel Cactus, Prickly Pear, Water Vines, Bamboo and 

The next obvious question is; how can I delay dehydration If 
faced with a water shortage. It is of parajaount Importance to apply 
appropriate survival principles. Some of which axp as follows x 

1. Drink when thirsty, within reasoia, or when water is needed, 

2. Ration your sweat not your water, (water in small quantities does 
nothing to inhibit the onset of dehydration, while larger amounts will 
delay or alleviate these effects), 3» utilize all available shade - 
perform tasks which require the expenditure of energy in the cooler • 
night teaperatui«s, >, Within reason store water in your stomach not 
your canteen, people. have been found dead of dehydration with water in 
their canteeiis, 5, Keep your clothes' loose fitting and layered to protect 
from ^e heat, sun and evaporation. »6, Keep conversation to a minimum 

to avoid water loss through the mouth, ?. Avoid all types of dehydrators 

' . 22 

i.e, foods, alcohol, blood, and salt. 

Since the water content of urine varies partlculary with the 
development of dehydration, attempt to concentrate urine. Conceivably, 



this will provi^ nore water for life processes. Vhea castaway 
with limitedi. supplier of water, do not consume any, unless heavy 
sweating occurs, for a period 'of twenty four hdurSi In that time i • 

the body will tend to cpncentrate its uVine toward the miaiinura ainount . 
for wsuste elimination. The reowlnder is available for other more im- 
mediate |4iysiological processes. Water taken in before this time period, 




u^^lly goes into the formation of less concentrated urine, and is 
wasted** fo^ the survivor's purposes. 

* 

Food has already been mentioned as a dehydrator, although ^certain 
foods axs less so than others. Primarily, of the three classes of 
foods (carhohydratasy proteins and fats), the carhohydiates require 
the Xeast amount of water td oxidise. In fact, t^e sugar glucose 
displaces O.lSW cc of water per jgraa and yields 0.600 cc of oxidative 
wi^tert The addition of sugar to the diet also helps prevent ketosis, 
(inaomplete oxidation* of fats) and **sour stomach**. How this sugar is 
stored or in*wha% type of food is of course up to the individual, 

however, ^ when in the form of candy, the hard c^tndies have been known to 

* , - 25 

prakiuce mouth sores while the soft jelly types produce no such problem. 

Fats an^ proteins require a greater amount of water to metabolize, 

primarily because! of the greater and more complex bonding of the indfvi- 

dual i^'iecules. . Since complete metabolism of fats is difficult, the 

residua must be removed or ''washed out" of the system or it will become 

acidotiCi *This metabolic acidosis requires additional supplies of water. 

/rfith piroteins, the lai^e amounts of nitrogen present causes additional 

urea fonaatton.and consequently requires additional water for elimination. 



J 



The following illustration depicts the varic^us effects of proteins, 
carbohydrates, and l^ck of food' on the'urin^ .volume (water loss - 
'*^reater the urine vdliinie • the greater the dehydration effect on 

■ • ' ■ . ^ ^ ] ' ■ ; • ■ ' 

dogs) • ' 
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Cold Diuresis 

Outdoor Leaders observe S.n both themselves and their students an 
increase in urine output in colder weather. This can be noticed even 
with a decrease pf water input. This occurs as a result of the body 
eliminating the excess fluid volume resulting from constriction of . 
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The peript^ersil" vasculature. Naximu.". vasoconstriction occurs in the 
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second hour oE exposure. 
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Because of the len^piifi and complexity of the dehydration 
probleii, a summary is In order, concerning the basic poifits presented 
in this report! - 

i. The human TDody consists of over seventy per cent water, 

2» Water is used by the body in food metabolism, muscle tonicity, 
waste elimination,, tempei^ture regulation, and cellular upkeep. 

" ■ 3, Water loss occurs through respiration (especially at high alti- 
tude), evaporation, waste elimination, and tissue destruction, 

h» Water\gain is accomplished through water intake and food 
oxidaMon. i , , / 

5« There are two types of thirstt . 
V a. Lq oal (called false thirst) • P2ase thirst is centered 
around the throat and esophagus, 
b. Gene3?al (called true thirst). True thirst is concerned 

. - . . with the total body rec^uirem^nts, 

■ ■ _ . , 

6. Common antidipticuas (inaterials that lessen thirst symptoms) , 
ares siaall ^<|jebbles, cocaine, buttons twigs, llcorlcet gum and 
saliva*^ ' - 

7» Thirst is not always a good ^indicator of body wat^r needs. 



8, Dehydration symptoms 1 

of body Weight ' 
ecpnoiay of moyenient 
thirst 

vague discoiafort 
flushed skin 
sleepiness 

increased temperature 
increased pulse rate, 
riausea 



6-tO% of body weig^ht 
dizziness . 
headache 

tingling in limbs 
reduced salivation 
indistinct speech 
difficulty in walking nurfo skin 

jBinful urination 



11-20^0 of weight 
delirium 
svfo lien tongue 
inability to swallow 
deafness 
d^ vision 



Negative water balance proceeds in three successive phases: 
a^^tage of ;iormal dryness 

b. 'Ckotton juouth stage 

c. StSictu^l degeneration ^ • 
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10. Salt water ]has a dual survival purpose: 

a. Codling of body through evaporation / 
b» Po^ible use oT salt water and fresh water mixing - 

however this is still a very controversial^ subject and 

should be regarded with great -^caut ion, 

11 » Thawed sea water settles ipto layers of increasing salt concen- 
tration while with frozen sea water, the highest <^lt concentra- 
tion is at the bottom of the container^ \, 

12» Fish fluid (stickwater) is not a water substitute because of 
two primary reasons;. . 

a. The proteins and oils contained in the fluid demand more 
water to metabolize than .they contain or produce^ thus 
making it raore of a food source than a- water substitute* 

Stickwater is extremely difficult to procure in most 

situations* 

13 • Orine may or may not be used as a partial water substitute, depend- 
ing on the factors of hydration and sweating. It can be used in 
cooling the body, through evaporation, and in solar still oper- 
ation, 

14. Blood is not a water substitute because of the large amount of 
water needed, to digest it. , 

15 • Many plants provide acceptable water sources, a»i should not 
be ovBrlooIc0d, in a survival situation. 

16# Negativ^ water bSLLance problems can be delayed or prevented byi 
J \ a..^ Rationing your sweat-not your water. 

^ h b. Reduce tempera ttire gain-mainly thixjugh the use of shade & 
night versus day activity. 

1. Your body loses 25 % of its efficiency with an 
air temperature of 110 degrees or above. 

2. Your body^ will lose 25 % of its efficiency 
with .a loss of 2.5 ^ of its body fluids. 

c# Store water in your stomach-not your canteen, .within 
reason* 

d. Keep your blothes loose and layered. 

e. Avoid dehydratoirs, such as foods, excessive alcohol, 
and salts. 

f. Avoid water IntaJce (unless with extreme sweating), for 
^ the first twenty four hours, to concentrate the urine. 

17 f Of. the three foods j carbohydrates, proteins and fats, tfie car- 
bohydrates require the least amount of water because of the . 
chemical bonding. Proteins require the most water to metabolize 
and excrete, because of the nitrogen containing compounds 
formed g such as urea, 

18. Cold diuresis causes an increase in urine output in cold 
environments. \ ' . " 
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Glossary 

^ . . . 

Adipsar Recnedies to allay thirst. 

Antidlpticum ; An z^genl that lessees thirst. • ' 

-Balance: Equality of intake versus output* 
Dehydration: Vater deficit; negative Wa^fi^^oad. 
Dipsogen? A. thir3t jJrovoking ^ent, ^' 
fiJohydration : Normal state of 'body water. 

• . ■ . V ■ . 

Insensible Perspirations , Mater loss through the skin, in amounts 

. * , usually too small to be readily detected t 

Obligatory Urine FIowj The minimal volume of urine consistent with the 
' ' ' excretion of its solute. 

Osmotic Pressures The pressure of a solution which governs the tendency 

of itis solvent to pass across a boundary. ^ 

Potables Drinkable water. 

Urlposiai Urine drinking* ^ 



BisLio&aAm 



21. 



ISepartment of the Air Force, Air Force Manual '6^-3. I969 . . 

Department of Civil Defense an^ Emergency Services, Maricopa County, 
Desert Survival , 

. Bdholm, 0,G,, Dr. and A.L, Bacharach, eds., The Physiology of wHuman 
, Survival , (Academic Press, London, I965). 

EID Publication, No. D-lOO, A Foot in the Desert . 

£11) Publication, No. D-1Q2, Sun/ Sound, and Survival . 

EID Publication, No. ?, Information Bulletin, Water Resources . 

Fear, Gene, Surviving The Unexpected Wilderness Emersency . (Survival 
Education Association, 1972) . 

Guthrie, Helen Andrews, Introductory Nutrition . (C.V. Mosby Gonpaiiy, 
1971). ♦ ^ 

•Nesbitt, Paiil H,,,Aloaso if. Pond, and Williajn H, Allien, The Book of 
Survival ; (Funk and j^a^gnalls. 1969) . 

Newbuxgh, L.H,, M.D,, ed.. Physiology of Heat l^e^ation . (Hafner 
PubUshlng.Xo., 1968). 

Wolf, A.V,,;PhD,, Yhirst-Physlology of the Urge to Drink and Problems 
of Water Lack . ( Charles C. ThoBtas. PuBlisherf-1958) . . ^ 



2S 



